Termites often eliminate pathogens directly through mutual grooming, and are thereby prevent 26 infections from entomopathogenic fungi. Our previous study confirmed that the antennae of Coptotermes 27 formosanus sensitively responded to the musty odor of entomopathogenic fungi. However, it is unclear if this 28 odor has any effect on termite behavior. The purpose of this study was to clarify the effects of fungal odor on 29 termite behavior, especially on conidia removal. The musty odor was prepared as an aqueous solution by 30 immersing conidia in distilled water. When untreated termites were mixed with fungal-odor-treated termites at a 31 ratio of 4:1, mutual grooming and attack of treated termites were frequently observed. This indicated that the 32 fungal odor triggered these behavioral responses. While some components of the fungal odor were found in all 33 of the entomopathogenic fungi tested, the odor profiles differed among the isolates.
harvested with a brush from 10-to 15-day-old cultures and suspended in distilled water. About 3 ml of conidia 73 suspensions, which contained 1.59 × 10 7 -3.94 × 10 8 conidia/ml, could be collected from one culture. The 74 conidial suspensions were left overnight at 25 ºC and the conidia were then removed through a 0.2 μm filter unit 75 (Dismic-13CP, Advantec, Japan). Volatiles trapped in these filtered solutions were used for fungal odor.
76
One ml of distilled water was prepared as control solution W. Another distilled water solution was 77 prepared by gently washing the surface of solid L-broth agar that had not been inoculated with 78 entomopathogenic fungi as control solution L. These two control solutions were left overnight and filtered as 79 described above. In this assay, groups of four workers treated with control solution and one worker treated with fungus 83 odor were kept in a Petri dish (35 × 15 mm) and their touching frequency was monitored. The odor-treated 84 termites were taken from the blue-stained termite group B, all termites treated with control solution originated 85 from the unstained group A. As a control, one termite in group B was treated with control solution W or L and 86 added to four termites from group A treated with control solution W, and their touching frequency was estimated.
87
For treatment, termites were collected from the Petri dishes and put in 1 ml microcentrifuge tubes 88 containing a fungus-odor solution. The termites were submerged in the solution with gentle swirling for 5 89 seconds and allowed to dry on Whatman filter paper. The treated termite groups were then partitioned into the dishes. After treatment, five termites were placed in Petri dishes and covered with a cardboard box during the 91 experiment to reduce the effect of room light on termite movements. The termites were then left for 15 minutes 92 to reduce the impact of the artificial treatment. Since it was impractical to observe and estimate the level of 93 grooming behavior for the entire duration of termite activity, the frequency at which the termites touched each 94 other was counted on photographs taken every 30 sec for 15 min. Only termites for which the mouth parts 95 touched their nestmates were counted. A total of 30 photographs were taken per dish to clarify differences in 96 grooming behavior among the 6 isolates in addition to the two control solutions. Data were obtained from 20 97 replicates, thus 800 termites were used. 
119
Helium was used as the carrier gas. The SPME fiber was inserted into the GC injection port kept at 200 ºC for 1 120 min in splitless mode with a detector temperature of 220 ºC. The column oven was programmed to hold at 40 ºC 121 for 5 min, to increase at 10 ºC/min to 180 ºC and then 20 ºC/min to 220 ºC, and finally to hold for 10 min at 220 122 ºC. The substances collected from the solutions were also analyzed by a Shimadzu QP5000 GC-MS system 123 (Shimadzu, Japan) equipped with a polar capillary column (DB-WAX polar column). Helium was used as a included termites treated with control solutions W and L (p = 0.077 in Fig.1 A, p = 0.517 in Fig.1 B) . On the 144 other hand, the touching frequencies in a dish containing a fungus odor-treated termite were significantly greater 145 than those of the two controls ( Fig. 1 A. groups. However, though the frequency at which other termites touched the treated termite in a mixed group was 150 clearly greater than that in the control (Fig. 1B, The changes in termite behavior caused by the fungal odor over 7 days after treatment are illustrated 156 in Fig. 2 , and the mortality rates and survival time are shown in Table 2 . Attack, cannibalism and burial other hand, treatment with fungal odor did not alter the burial and cannibalism behaviors (Table 3 , p = 0.055 and 162 p = 0.169; fungal odor parameter, respectively).
163
The number of dead individuals also depended on the specific fungal isolate ( Fig. 3 and Table 3 , p < 164 0.001; isolate parameter). As in the results regarding behavioral alterations, there was no difference in the 165 number of deaths between the two controls (p = 0.165, t-test). Death here was caused by attack from their 166 nestmates since conidia were removed from the solutions and no physical pathogen was present in this study.
167
Therefore, the pattern for the number of dead individuals parallels that of attack behavior. No remarkable 168 difference was seen in the survival time until the first dead individual was discovered ( Fig. 4 and Table 3 , p = 169 0.166; fungal odor parameter). Dead individuals; n / total dead individuals (rate in termite group%) Treated termite (n=20) 0(0) 0(0) 1/3(5) 0(0) 3/9(15) 0(0) 0(0) 2/4(10)
Untreated termite (n=80) 0(0) 1/1(1.25) 2/3(2.5) 0(0) 6/9(7.5) 0(0) 2/2(2.5) 2/4(2.5) Table 3 Comparison of differences in termite responses to odors from 6 fungal isolates. Results of logistic regression.
Fungal odor Parameters (control -treated termite group) Genus Isolate Virulence Behavioral response Attack p = 0.015 p = 0.826 p = 0.026 p = 0.613 Burial p = 0.055 p = 0.762 p = 0.171 p = 0.547 Cannibalism p = 0.169 p = 0.231 p = 0.227 p = 0.398
Other factors
Number of death p = 0.015 p = 0.160 p < 0.001 p = 0.038 Time until first death p = 0.166 p = 0.421 p = 0.519 p = 0.524
